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aced cardiac damage in nocaial mice is aot 
the result of viral-mediated cycoly^is, but 
rather is from the actions of recruited in- 
fkmtnacory celU. The data arc also consis- 
tent with, but do not prove, a requirement, 
of MlP-la ir* an aucotmmunc-mcdiaced 
model of CVB3- induced myocarditis, [n 
this regard, it is noteworthy that antibodies 
to MlP-la reduce the severity of expert- 
mental autoimmune encephalomyelitis (8), 
and that the murine MlP-la gene maps to 
a region of chromosome II that includes 
the tdd4 insulin-dependenc diabetes locus 
(13). 

We infected — /— mice with influenza 
virus to examine the inflammatory response 
to a pathogen of different tissue tropism. 
This model was chosen because pulmonary 
alveolar macrophages arc a rich source of 
MlP-la (i4), suggesting that it may be 
involved in pulmonary inflammation. Influ- 
enza-infected mice were killed at day 6 or 7 
p.i., when pathology is maximum (15). The 
lungs of most of the animals were 
inflamed and edematous; those of the 
mice were less severely aifected. Histologic 
sections of lung were graded for inflamma- 
tion between 0+ and 4+ (I6)» on the basis 
of the extent of mononuclear cell infiltra- 
tion and tissue daittage (Fig. 3). The +/+ 
mice had significantly more inflammation 
than -/- mice <P = 0.012 by the Wil- 
coxon rank order test). These data demon- 
strate that MlP-la contributes to influenza 
virus-induced pneumonitis. 

Influenza vinis is generally cleared from 
the lungs of immunocompetent mice by 6 
to 10 days p i. by a T cell- dependent 
mechanism (17), To determine whether 
MlP'la affects influema virus clearance, 
we measured viral titers at various times 
after infection and calculated the geomet- 
ric mean for each genotype (Fig. 3D). 
Viral titers were higher m -/- animals 
compared with +/+ controls at day 3 p i- 
(P = 0.14 by the two-tailed t test) and 
significantly so at days 6 and 7 p.i. (P = 
0.02). Pact of this difference may be ac- 
counted for by the increased weight of the 
+f-h lungs, but this weight difference was 
at most twofold, whereas the difference in 
viral titers was 100- to lOOO-fold. By day 
Zl p.i.. no virus was detected in either 
group of mice. This delay in T cell-depen- 
dent viral clearance in the -/— mice sug- 
gests that MlP-la may be required for 
efficient recruitment of immunocompe- 
tent T cells to sites of viral infection, 
which is consistent with the ability of the 
chemokine to induce chemotsxis of T 
cells in vitro (2. 3). 

Our experiments provide genetic evi- 
dence for the requirementof a 3 chemokine 
in inflammation and demonstrate that oth- 
er chemokines do not functionally suhsti- 
cucc for MlP-la. The relative importance of 



MlP-la m an inflammatory response may 
depend on the pathogen or tissue involved, 
possibly because of the expression of other 
molecules with compensatory activity. Nev- 
ertheless, the role of MlP-la in diseases as 
different as myocarditis and pneumonitis 
suggests that this chemokine may also me- 
diate inflammation in response to a variety 
of other stimuli. 
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One of the unresolved questions in this 
area has been the mechanistn whereby 
HSP-pcpcide complexes elicit specific im- 
munity. Immune gen icity of HSP prepara- 
tions is exquisitely dependent on the pres- 
ence of functional phagocytic cells in the 
host; the depletion of such cells rendered 
the host incapable of being immunized by 
HSP preparations (6). This observation led 
to the suggestion that HSPs are taken up by 
the macrophage and are re-prcscnted by the 
MHC class I molecules of the macrophage, 
which finally stiinubte the appropriate T 
cells (7). Thus, 3 mechanism of indirect 
presentation of HSP<haperoned peptides 
was invoked. The observations reported 
here support this mechanism. 

We have investigated whether HSP- 
chaperoned peptides could be re-presented 
by phagocytic cells tn a vesicular stomatitis 
virus (VSV) model. The HSP gp96 was iso- 
lated to apparent homogeneity (S) from EL4 
cells ttansfected with the gene encoding the 
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Endogenously synthesized antigenic determinants are generally presented on major 
histocompatibility complex (MHC) class I molecules, whereas exogenous determinants 
are presented by MHC class II molecules. Here, it is shown that exogenous antigens 
chaperoned by a heat shock protein can be channeled into the endogenous pathway, 
presented by MHC class I molecules, and recognized by CDS* T lymphocytes. This 
pathway Is functional only in a subset of macrophages among the cell types tested. These 
observations provide a basis for the tumor-specific and virus-specific immunogenicity of 
cognate heat shock protein preparations and offer a mechanism for the classical phe- 
nomenon of cross-priming. 
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nudeocapaid protein of VSV (Nl cells) (9). 
Ai a negative control, gp96 was also isolated 
from untransfccted EL4 cells. Because solu- 
ble and particulate moiecies are taken up by 
macraphagca in essentially different ways, 
the gp96 preparations were centrifuged ac 
100,000^; for 90 min to ensure that only 
soluble gp96 was used. The gp96 prepara- 
tions were used to pulse noacrophages ixx 
vitro that were obtained from the peritoneal 
exudate cells of C57BL/6 mice. We mea- 
sured the ability of the pubed macrophages 
to stimulate VSV-spectfic, K**-restr(cced 
CTlj as a function of their ability to stimu- 
late CTLs to release tumor necrosis factor 
(TNF) and thcic abLUty to act as targets of 
such CTLs. Maaophages pubed with NU 
derived gp96 could stimulate the release of 
TNF by VSV-specific CTLs, whereas those 
pulsed with EL4-derived gp96 could not (Fig. 
lA). In cytotoxicity assays, macrophages 
pulsed with Nl -derived gp96 could be lysed 
by VSV-5pecific CTLs, whereas those pulsed 
with EL4-derlved gp96 were not (Fig. IB). 
The quantity of Nl -derived gp96 necessary 





gp96 (iig/mq 

Fig. 1. Maaophages 
pulsed with N 1 -derived 
gp96 are recogrtzed by 
VSV-spea'ffc CTLs in a 
t^-restricted, CD8-me- 
diated m anas', whereas 
macrophages pulsed ^'^^ '-2* 

with EL4-derived gp96 Antibody dilui ion 

are not. (A] Prfetane-anduced maaophages (1X10*) 
from C67BU6 mice and VSV-specific CTLs (5 X 
10*1 were cocultured In tha presence of gp96 (2 or 
fO M-gAnl) demred from Nl or EL4 cells In 96-^611 
U-botlom plates at 37'C. After 24 hours, supema- 
tants were collected and TNF-a productfon was 
meastred by bioassay in a cytotoxicity assay with 
WEH164 cells (T7). {B) The ablity of gp96-puJ3ed 
maaophages to act as targets in CTL assays was 
tested. Macrophages (5 x 10* per mPihler) were 
pulsed with gp96 (10 nQ/ml) derived from Nl eels 
(•] or EL4 cells p), with VSV nudeocepsid 
eptope peptide (10 pdVI] (A) as a positive control, or 
with a medium control (A) for 2 hoirs at 37*C, fol- 
lowed by labefing with Cr for 1 S hours. These cells 
were used as targets in a 4- hour *^Cr release assay 
with VSV-spedfc CTLs. (C) C04 monoctonat anti- 
body (mAb GK1 .5) ascites p (obtained from E. Na- 
kayama, Okayama Unrversity School of Median e» 
Okayama, Japan), CDS mAb (YTS 1 69.4) (■). H-aKf* 
mAb (Y3) (•). H-2Q'> mAb (822.249) (A), or RPMI 
1 640 control (♦) were added to the CTL assay at the 
same tinne as effector cells and *^Cr-labeled macro- 
ptfiages pulsed wrth Nl gp96 (E/T ratio 10}. See 
{f 8) for* additional speoffciiy analysis 
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to elicit a ha If- maxima I lesponse was found 
to be the satne (1.5 to 3 M-g/f^O the two 
assays in any given expettment- Lysis of 
gp96-puUed macmphagea was inhibited by 
antibodies to or to CD8, but not by 
antibodies to or to CCK (Fig. IC). 

The proportion of iTiacrophages that were 
lyscd never exceeded 30%» even at high 
effector- to- target (E/T) ratios (Fig. ZB). This 
persistently limited lysis suggests that only a 
subpopulation of macrophages can internal- 
ize and present HSP- chaperoned peptides in 
the context of MHC class I raolecules. This 
idea is reminiscent of die observations of 
Rock and colleagues, who suggested that a 
small subpopulation o^ splenic macrophages 
can presenc exogenous antigens through the 
endogenous pathway (/O). The possibility 
that only a specific macrophage population 
can present HSP- chaperoned peptides is sup- 
poned by the cbservatLon that the macro- 
phage line RAW309.O.I, which is func- 
tional in phagocytosis and pinocytrosia and in 
antigen presentation to MHC class ll-re- 
stricted T helper cells, could not present 
gp96-chaperoned peptides to VSV-specific 
CTLs {II). B cells and ftbroblasts were also 
tested for their ability to present gpj96-chap- 
eroned peptides through the MHC class I 
molecules and were found to be unable to do 
so (/I). 

The above data indicate that Nl -de- 
rived gp96 molecules are chaperoning the 
K** epitope of VSV (or a precursor thereof) 
and that this epitope is being inducted mto 



the endogenous presentation pathway of 
the macrophages. We tested this premise 
directly with the use of gp96 preparations 
reconstituted in vitro with the octamer K**- 
binding epitope of VSV (VSV8). Macro- 
phages pulsed with VSV8-gp96 complex, 
but not those pCilsed with peptide A-gp96 
cortiplex» were recognized by VSV-specific 
CTLs (Fig. 2» A and B). Interestingly, a 
Longer 20-mcr peptide containing the K** 
epitope, which cannot sensitize macro- 
phages for CTL recognition by itself, did so 
quite effectively — and to an extent coiTipa- 
rablc to VSV8 — when complexcd with 
gp96 (F\g. 2C). To determine whether com- 
plexes of peptides with any protein might 
be able to sensitize macrophages for specific 
recognition, we tested peptides complexed 
with albumin or histone as in Fig. 2, A and 
B; no sensitizing effect was detected ( H )- A 
quantitative comparison of the ability of 
free and gp96-chaperoned VSV8 to stimu- 
late CTLs showed that VSV8-gp96 com- 
plexes were 200 co 400 times more efficient 
at pulsing macrophages than was VSV8 
alonei a free VSV8 concentration of ^50 
nM was necessary to elicit the same level of 
CTL stimulation by pulsed macrophages as 
was elicited by 200 pM VSV8-gp96 com- 
plex (Fig. 2D) 

We next examined the sensitivity of the 
macrophages* re-presentation of gp96-chap- 
eroned peptides to a number of inhibitors 
(Table I). Depletion of the intracellular 
adenosine triphosphate pools of the macro- 



Fig. 2. Macrophages 
pulsed with in vitro re- 
constituted complexes 
o! gp96 with the W=> 
epitope ol VSV are rec- 
ogni2ed by VSV-speafic 
CTLs. Macrophages 
were pulsed with free 
peptides or ir\ vitro re- 
conatrtuted complexes 
ol gp96 with experimen- 
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tal or control peptides, as descnbed {19). For pulsing with peptides alone, 
free peptides containing the same number of counts per minute as 
present in the gp96 -peptide complex were used to pulse macrophages. 
The peptides used (20) were VSV8 (the VSV K? epitope octamer peptide), 
VSV20 (a 2Q-mer peptide encompassing VSVa), and a negative control 
VSV peptide A. (A) Macrophages (1 x 10<) and VSV-specific CTl-s (5 x 
ICr*) were cocultured with reconstituted peptide A-gp96. VSVa-gp98 {3 
or 10 |ig/mO. or VSV8 alone, as descrfbed in Ffg. 1 A, andTNF release was 
monitored (B) The macrophages described in (A) were used as targets of 
VSV-specifrc CTLs, as descnbed in Fig. IB. Macrophages (5 x 10* per 
100 jii) were pulsed with \/SV8-gp96 (30 |ig/ml) (#). VSVa alone (Q, or 
liver gp96 (30 ^g/ml) (■) for 2 hours at S/^C, followed by labeling with 
*^Cr for 1 .5 hours. They were then used as targets in a 4-hour *'Cr release assay with VSV-speaftc CTLs. 
As a positive control, Nl cells were used as targets (A). (C) Free and gp96-complexed VSV8 and VSV20 
and gp96- complexed peptide A (negative control) were used to pulse macrophages at 3 and 10 ^.g/nril, 
and their ablfty to sllmulata VSV-spaciflc CTLs was monitored. (D) The ability of VSV8-gp96 complexes 
to pulse macrophages so as to enable them to stimulate CTLs was compared quantitatively to the 
corresponding ability of free VSV8 alone. Macrophages were pulsed with VSva-gp96 complex (3 m-9 
gp96 per milliliter, or 31 n M} cy the indicated relative quantities of free VSV8 (1 x free VSVa concentration 
refers to the concentration of VSV8 present in tha VSva-gp96 complex at 3 M.gAn| and is equivalent to 
—200 pM). TNF production by sensitized macrophages was measured as described in Rg. 1 . 
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pKagcs by pretreacmtnt with sodium aaidc 
and 2-deoxvglucose was inhibitory, whereas 
cKIoroquine, which inhibtcs processing in an 
addtc niicroenv iron mem, had no effect. In 
contrast, pretfeacment of macrophages with 
brefeldin A (BFA) abrogated re-presenta- 
tion. Apparently, gp96-peptide complexes 
are internalized by macrophages (that is, pro- 
cessed through nonacidic compartments) and 
the gp96-peptide comptexes or ih& peptides 
abnc are routed through the endoplasmic 
reticulum (ER) by a mechanism dependent on 
(/O) or irvdeperuient {12) d transpott-associ- 
aced pFoceins. 

Several lines of evidence indicate that 
gp96-chaperoned peptides are processed in- 
ternally and are re- presented by the MHC 
claAs I molecules of the macrophages, and 
that the effects reported here are not a con- 
sequence of surface phenomena: (i) Sensiti- 
zation of surface MHC class I molecules is 
limited by the size of peptide, whereas the 
gp96-chaperoned peptides show no such 
preference, (ii) The gp96-chaperoned pep- 
tides are several hundred times as effective 
as free peptides in sensitising macrophages 
for CTL recognition, (iii) Althou^ free 
peptides sensitize all cell types for CTL rec- 
ognition, sensiri2ation by gp96-chaperoncd 



peptides is limited to a subset of macro- 
phages, (iv) The processing of gp96-peptide 
complexes in the macrophages is sensitive to 
BFA. Collectively, these observations begin 
to shed light on the long-standing puale of 
how immuni2ation of mice with HSP-pep- 
tide complexes elicits tumor-specific and vi- 
rus-specific CTL tesporue (1-3). 

Togcthet with the observations that 
HSPs bind antigenic peptides and that the 
ER-resident HSP gp96 associates with MHC 
class I molecules (?3), the lack of allelic 
variation in HSP genes (14) had previously 
led us to predict chat HSP-assocbted pep- 
tides would serve as prea^rsots of peptides 
associated with any given MHC class I and 
that HSPs will he able to cross-prime (7). 
This prediction has been tested by two inde- 
pendent approaches. In the first approach, 
gp96 isolated from VSV- infected cells of 
haplotype (EL4 cells) and haplo- 
type (Medi A cells) was used to sensitize 
macrophages (of H-i** haplotype) for recog- 
nition by VSV-specific CTLs of H-2* haplo- 
type. The gp96 preparations isolated from 
VSV- infected cells of either haplotype were 
equally efficient at sensitization (Fig. 3A). In 
the second approach. gp96 ptcparatiorvs from 
VS V-infccted cells of the or H-?* hap- 
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lotypes were used to immunize haplo- 
type mice and the mice were tested for 
rcstriaed CFL response. The gp96 prepara- 
tions from VSV-infected cells of either hap- 
lotype elicited a specific CTL resportse (Rg, 
3B). These experiments indicate that pep- 
tides chaperoned by gp96 are indeed un- 
selected with respect to the MHC haplotype. 
Further, as predicted (7), these experiments 
demonstrate cross-priming by HSP prepara- 
tions and suggest that HSPs can act as me- 
diators of this classical phenomenon (/5). 
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Table 1. The re- presentation of gpQS-chaperoned peptides by maaophages 's fnNbrted by QFAand by 
sodium azide p]ua 2-deoxyglucose, but not hy chloroquine. Inhibitors wef« used as described <f 6). " 



Prelreatnrient 


Pulsing wttn vS\/8 


Pulsing with Nt gp9a 


Cytotoxicity {%) Inhibition (%} 


Cytoloxicity (%) 


Inhibition (%) 






Bxperiment 1 






None 


90.0 




26.0 




BFA 


85.0 


5.8 


6.0 


76 9 






E)cf3eriment 2 
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Rg. 3. (A) The9p96 prep- 
arationa rsoiated from 
VSV- infected cells of the 
Of H-2° hapiotypes 
can I:ie processed fc)y 
macrophage of the H-^ 
haplotype to stimulate 
K°-reslncted VSV-spe- 
ciftc CTLs, Macrophages 
(H-2^ were pulsed \with 
gp96 (3 M^nrj} deilved 
from uninfected or VSV- 
infected Meth A (H-^') 
celSs or from EL4 (H-2*^ 
cr M1 (H-2'») celis and 
were used to stimulate 
K'^-reatricted CTLs as 

descnlaed in Frg, 1A, (B) Preparations of gp96 isolated from VSV-infecled ceils of the N'2° or H-S^ 
hapiotypes can prime mice of the H-^^ haplotype for generation of VSV-specific CTLs, C57BL/6 mice(H-2^ 
were vacdnaled v^th gp96 derived from uninfected or VSV-infected Meth A (H-2*^| or EL4 (H'2") cells. 
Spleens of immunized mice were tested far cytotoxicrty againsl Nl cells or EL4 ceils (3 f ). 




f:a 1:16 1:32 1:8 1:16 1:32 
VSV-MethAgpga 



Targel 
-0-EL4 



l:B 1:15 132 1:8 t:16 1*32 

Dilution of effector celts 



BEST AVAILABLE COPY 



pulsed macrophages by usinQ iha macrophages 
pulsed \with either gpfla preparation to slimuiate 
CTts against en rretewant lumor. None of the pulsed 
maaophages coUd stimulate the tumty-specihc 
CTLS. 

19. For in vftro reconslitutlan of gpSB-peptide com- 
plexea. gp96 derived from normal liver (50 m-9) snd 
r?5|.rabaled peptides (5 »tg) were irwubated et 
60*0 /a 10 mh folowed by room temperatura for 
30 min. Free peptides were removed by extertsive 
washing wth Mtcrocon 50 (Amrcon), such that no 
(ree peptides were delected on SDS-potyacryl- 



amide gd electrophoresis of the comptexes (Z. U, 
R. Suto. P. K. Srivastava. in preparattart). 

20. The sequence ot VSV30 is Scr-Leu-Ser-Asp-Leu- 
Arg-Gly-Tvr-VaJ-Tvr-G[n-Gy-Leu-Lya.Ser-Gly-Asn- 
Val-Ser-Cys- The sequence of the negative control 
VSV peptide A Is Lys-Arg-an-Oe-Tyr-Thi-Asp-Leu- 
Gtu-Met -Asn-Arg-Leu-Gly-Lys. 

21 . 0576176 mice iH-S^ hapioiyp^ were aubculane- 
ousJy rniacted twice at a 7-day interval with Qp95 (lO 
(xg in phosplTate-bufl^'ed saline) derfved from unin- 
fected or VSV-lnfected Meth A eels or EL4 cefis. 
Seven days after \Sye second vacdnaiton, spfeens 



were removed and sptean cells (8 x 10« cells per 
well) were cocUtured m mftterf tymphocyte-timor 
culture tNiLTCJ with Irradiated N1 cells (1.4 x 10» 
eels per weif) in 24-wel plates, on day 7, each wel 
was harvested. Senaty diluted c(/icura ceas were 
tested against Ni cens or EL4 oeSs for cytotoMrdty in 
a s^Cr release assay. 
22. Stppcyted by NiH grant CA4478e RS. is a post- 
doctoral felow of ma Cancer Research Institute, 
NewYorit. 
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Human H-Y: A Male-Specific Histocompatibility 
Antigen Derived from tlie SMCY Protein 

Wei Wang,* Leslie R. Meadows/ Joke M. M. den Haan,* 
Nicholas E. Sherman/ Ye Chen. Els Blokland, 
Jeffrey Shabanowitz, Alexander I. Agulnik, 
Ronald C. Hendrickson. Colin E. Bishop, Donald F. Hunt. 
Els Goulmy,t Victor H. Engelhard 

H-Y is a transplantation antigen that can lead to rejection of male organ and bone marrow 
grafts by female recipients, even if the donor and recipient matcli at the major liisto- 
compatibility locus of humans, the HLA (human leukocyte antigen) locus. However, the 
origin and function of H-Y antigens has eluded researchers for 40 years. One human H-Y 
antigen presented by Hl^-B7 was identified as an 11 -residue peptide derived from 
SMCY, an evolutionarily conserved protein encoded on the Y chromosome. The protein 
from the homologous gene on the X chromosome, SMCX, differs by two amino acid 
residues in the same region. The identification of H-Y may aid in transplantation prognosis, 
prenatal diagnosis, and fertilization strategies. 



Histocompatibility antigens that can in- 
duce transplant r^ectton include the class i 
and class II molecules of die major HscocovTi- 
patibility complex (MHQ, as well as a large 
ntuivbec of so-calicd minor hiatocompaiibiUcy 
(H) antigens. In mice, the use of iixbred 
strains has shown that minor H antigens are 
encoded by almost 50 different aUclically 
polymorphic loci scattered throughout the ge- 
nome (I). Humaiis also have minor H anti- 
gens although their overall number and com- 



plexity ccmaim unceruin. Both species have 
the male specific antigen H-Y (2, 3). H-Y was 
initially identified chrough the observation 
that within an inbred mouse strain, most of 
the male-to-female skin grafts were rejected, 
whereas transplants in other sex combinations 
nearly always succeeded (2). In humar\s, sex 
mtsinatch is a significant risk factor associated 
with rejection or the development of graft- 
versus-host disease in bone marrow transplant 
recipients (3-6). The H-Y antigen is ex- 



pressed in roost different human tissues (4,7), 
and H-Y specific immune responses occur dur- 
ing the transplantation of other orgaiis, blood 
transfiision, and pregnancy (8). 

As with other minor H antigens, the 
recognition of H-Y by T lymphocytes is 
MHOrcstricted (3, 9), and some H-Y an- 
tigens are peptides derived from cellular 
proteins that are presented on the cell sur- 
face in association with MHC class I mol- 
ecules (iO). We have developed a tech- 
nique for the identification of individual 
peptides that are bound to MHC molecules 
and recogniied as antigens by T cells. By 
combining miciocapillary liquid chroma- 
tography- electrospray ionization mass spec- 
trometry with T cell epitope re constitution 
assays (11-13) we now report the identifi- 
cation of a peptide antigen recognized by a 
human cytotoxic T lymphocyte (CTL) 
clone that is H-Y-specific and restricted by 
the class I MHC molecule HLA-B7. 

To isolate endogenously processed H-Y 
peptides, HLA-B7 molecules were purified by 
affinity chromatography from the H-Y posi- 
tive, B lymphoblastotd cell line JY (J4). The 
associate peptides were extracted in acid and 
separated from high molecular weight materi- 
al by ultrafiltration (15) and subsequently 
fractionated by reverse-phase high-pressure 
liquid chroinatography (HPLC) {III Sam- 
ples of each fractioa were incubated with 
HLA-B7^. H-Y- T2-B7 target cells to assay 
for reconscitution of the epitope recognized by 
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Fig. 1. Reconslitutlon of the H-Y epitope with HPLC-fracticnated peplides 
extracted from HLA-B? molecules. (A) HLA-S? -molecules were irnmunoafflnity 
purified form 2X10^^ H-Y** JY cells. Peptides were eluted from 87 mo(eou!es 
with 10% acetrc acid, pH 2.n filtered through a 5-kD cut-off filler and fraction- 
ated on a CI 8 reverse phase column. Buffer A was 0.1 % heptafluorobutyric eod 
(HFBA) end buffer B was 0.1 % HFBA in acetonilnle. The gradient consisted of 
1 00% buffer A (Q to 20 min). 0 to 1 2% buffer 8 (20 to 25 min), erxJ 12 to 50% 
buffer e (25 to 80 mtn| at a flow rate of 200 M.l/min. Sixty fractions of 200 jlI each 
were collected from 20 to 80 min. (B) Fractions 28 and 29 from the separation 
shown tn (A) were rechromalographed with the same acetanltriie gradient, but using trifluoroacetic acid (TFA) 
instead of HFBA as the organic modifier For both panels. 3% of each peptide fraction was incubated with 1 QOO 
*^Cr-lab€ted T2-B7 ceffs at room temperature for 2 hours, GTLs were then added at an effector to target ratio of 
1 0 to 1 and further incubated at 37'C for 4 hours. Background lysis of T2-B7 by the CTL In the absence of any 
peptides was -3% in (A) and -4% In (8); positive control lysis of JY was 75% in (A) and 74% In {B). (C) 
Detenminati<yi of candidate H-Y peptide by mass spoctrometry combtned with *^Cr refease assay. HPLC fraction 
1 4 from the separation in Rg. 1 B was chromatographed with an on-line microcapiifary column effluent splitter as 
previousfy described { / ^ f3). One-fifth of the effluent was deposited into 100 W of culture media in microtiter 
plate welJs for analysis with CTLs. The remaining four-fitths of the material were directed into the efectrospray 
ionization source, and mass spectra of the peptides deposited in each well were recorded on a tripte-puadoiple 
mass spectrometer (Finnigan-WAT, San Jose. California). (♦), H-Y epitope reconslitutlon activity measured as 
peroeni specific lysis; (■), abundance of peptide 1 T 71 measured as ion current at m/z 391 
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